Smoking is considered as a well-established risk factor for periodontal diseases, a chronic infectious disorder caused by bacterial plaque characterized by destruction of tooth supporting tissue. Smokers have increased risks of experiencing periodontal attachment loss (Grossi et al. 1994 , Haffajee and Socransky 2001a , Susin et al. 2004 , Ng & Leung, 2006 , radiographic bone loss (Grossi et al. 1995 , Bergstrom 2004 , Baljoon et al. 2005 ) and tooth loss post-treatment (Leung et al. 2006 , Matuliene et al. 2008 ). Smokers are found to harbor a higher prevalence of periodontal pathogens (Haffajee & Socransky, 2001b , van Winkelhoff et al. 2001 .
Apart from alterations of the periodontal microflora, smoking has been shown to adversely affect the host immune response in various respects, including impaired neutrophil function (Mariggio et al. 2001 , Güntsch et al. 2006 , lowered immunoglobulin production (Mooney et al. 2001 , Apatzidou et al. 2005 , reduced fibroblast function (Raulin et al. 1988) , altered inflammatory mediator production (Boström et al. 1998 (Boström et al. , 1999 Giannopoulou et al., 2003) and vasoconstrictive effects of tissue exposed to cigarette smoke (Mirbod et al. 2001 ).
Non-surgical mechanical periodontal therapy, including oral hygiene instruction, scaling and root planing, is an effective treatment modality for periodontal disease (Preber & Bergstrom, 1986; Preber et al., 1995; Renvert et al., 1998; Jin et al., 2000) . A systematic review evaluating the effect of smoking on non-surgical periodontal therapy (Labriola et al., 2005) found that the mean difference in probing pocket depth (PPD) reduction with an initial probing depth of 5mm or more would be 0.433mm favoring non-smokers. On the other hand, the same meta-analysis showed that there was no evidence of a difference observable in clinical attachment level gain between smokers and non-smokers after non-surgical periodontal therapy, although a review of clinical evidence (Heasman et al. 2006) suggests that the majority of studies do show that smokers gain less clinical attachment gain in response to periodontal therapy. It is agreed that achieving optimal treatment responses to non-surgical periodontal therapy in smokers is a challenging task and that the treatment outcome of the therapy may vary from patient to patient and also vary among different teeth and tooth sites. It would be beneficial to understand factors at patient, tooth and site levels that may affect these variations in treatment response in both smokers and non-smokers.
Since the early 1990s, researchers have questioned the utility of single level statistical analysis of site-level or tooth-level data in periodontal clinical trials because the correlations among sites and/or teeth within subjects invalidates these methods. In applying single level statistical analysis to periodontal data, many earlier publications chose to present average sites' measurements generated on a subject level. However, such an approach may not explicitly reflect the site-specific nature of periodontal disease (Albandar & Goldstein 1992 , Gilthorpe et al. 2000a , Gilthorpe et al. 2000b , Gilthorpe et al. 2001 . Application of multilevel modeling analysis, which takes the clustering effect of periodontal research data into consideration, may provide a more accurate explanation of the natural hierarchical F o r P e e r R e v i e w 7 response of male Chinese smokers and non-smokers with chronic periodontitis after non-surgical mechanical periodontal therapy using multilevel modeling analysis. The clinical data would be analyzed at site level. The null hypothesis of this clinical trial is that there is no difference in healing responses after non-surgical mechanical periodontal therapy of periodontitis affected male Chinese smokers and non-smokers.
Materials and methods

Sample size determination
This clinical study targeted subjects with chronic periodontitis who were otherwise systemically healthy. Sample size for the study was computed as follows. In a study among the same local population, patients with chronic periodontitis showed 4.6mm of probing pocket depth (PPD) reduction at 12 months after non-surgical therapy, with standard deviation (SD) of 1.6mm (Tong et al. 2003) . Assuming that the SD would be the same for smokers and an expected difference of PPD reduction at the initially diseased sites between smokers and non-smokers of 2 mm, 20 subjects in each group were required to enable such a difference to be detected.
Patient selection and screening
New male patients attending the Reception Clinic of the Prince Philip Dental Hospital, Faculty of Dentistry, The University of Hong Kong and satisfying the inclusion criteria were recruited to participate in the study. The target sample size was at least 22 subjects for each group, to allow for retention of 20 subjects in each group at 12 months. For inclusion, patients had to be free of systemic disease, not undergoing orthodontic treatment, and displaying the following features: The target sample size for each group was secured six months after the commencement of recruitment.
Patient management and non-surgical mechanical periodontal treatment
The clinical study was carried out in the Periodontology Clinic, Prince Philip Dental Hospital, Faculty of Dentistry, The University of Hong Kong. Emergency treatment such as extraction, caries stabilization, initial endodontic therapy, if necessary, was completed before the non-surgical periodontal treatment.
Six tooth-sites (mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual) of each standing tooth were included in this study. One member of the research team (W.K.L.) checked the eligibility of all subjects and that all necessary pre-treatment preparations had been carried out. Receptionists of the Periodontology Clinic were then instructed to arrange the non-surgical periodontal treatment appointments (4-6 visits) under local anesthesia for all subjects to be delivered by a group of six F o r P e e r R e v i e w 9 experienced dental hygienists within an 8-week period. Both smokers and non-smokers received the same non-surgical periodontal treatment, namely oral hygiene instruction regarding brushing and interdental cleaning, followed by quadrant-wise debridement under local anesthesia. Two research group members (P.W.
and R.M.S.W.) at the end of the last dental hygienist treatment appointment independently clinically assessed the quality of the hygienists' care to ensure the completeness of the non-surgical periodontal therapy.
Any residual periodontal problems at conclusion of the study at 12 months, namely any sites with residual PPD ≥ 5 mm, were followed-up and appropriate periodontal treatment e.g. re-root planing or surgical treatment was arranged and delivered without delay. Smoking subjects were again reminded of the deleterious effects resulting from their continued smoking.
Clinical examination
This was a 12-month prospective clinical study. Clinical parameters were obtained from the patients at baseline, and at 3, 6 and 12 months after completion of non-surgical therapy. All clinical examinations were performed by one examiner (C.P.W. after periodontal probing using the electronic probe.
Ethics
The research protocol was approved by the Ethics Committee, Faculty of Dentistry,
The University of Hong Kong. Written informed consent was obtained from all participants before the commencement of the study.
Data analysis
Routine statistical analysis
The data collected was entered into a computer and analyzed using the statistical software package (SPSS). For comparing the difference in healing response between smokers and non-smokers at the subject level, the primary efficacy measure was change in PPD and change in PAL and the secondary efficacy measures included PI%, BOP% and percentage of sites ≥ 5.0 mm. The significance level was set at p < 0.0017 for multiple comparisons at the 3-, 6-and 12-month recalls within groups or between groups. Differences between groups and between different time-points within groups were tested by Mann-Whitney U test and Wilcoxon signed rank test respectively. 
Multilevel analysis
In order to account for the hierarchical structure of periodontal disease measurements, site measurements clustered around individual teeth and then teeth clustered within subjects, analysis using a multilevel approach was adopted in this study (Gilthorpe et al. 2000b ). PPD reductions at site level at 3 months, 6 months and 12 months (compared to baseline PPD) were analyzed using multilevel multiple regressions. A 3-level random intercept regression model was constructed: site at level 1, tooth at level 2 and subject at level 3. Variance Components models (with no independent variables included) were obtained initially to investigate the variance of the PPD reductions across all the 3 levels. At different levels the random effects were assumed to be uncorrelated and followed normal distributions. Subsequently, ten independent variables with five on the subject-level, two on the tooth-level and three on the site-level were included in the multilevel multiple regression model. In order to focus on the factors affecting the change of PPD and PAL of initially diseased sites (sites with PPD ≥ 5.0 mm at baseline), above-mentioned multilevel multiple regressions were repeated for initially diseased sites only. Again, the level of significance was set to be at 0.05.
Results
Routine statistical analysis
Change of PPD and PAL at all sites
In the present study, 23 non-smokers and 23 smokers were recruited. Forty of the enrolled subjects completed the study, 3 subjects being lost to follow-up in both the smoker and the non-smoker groups. One smoker and three non-smokers could not attend the scheduled recalls due to contemporaneous conflict with their job time-tables.
Two smokers quitted smoking, one for personal reasons and the other having been diagnosed to be suffering from hypertension was successfully counseled to quit smoking by his physician.
Mean ages of the smokers and non-smokers who completed the study were 46.2 ± 6.8 and 45.0 ± 5.9 years, respectively. Regarding the tobacco consumption of smokers, 6 were light smokers while the remaining 14 were moderate smokers (Grossi et al. 1994) . Their smoking-pack-years were 20.8 ± 8.7, ranging from 10 to 30. Mean number of missing teeth (excluding third molars) was 3.9 ± 2.9 teeth for smokers and 3.7 ± 2.8 teeth for non-smokers (P > 0.05). Other clinical data are shown in Table 1 .
There was no difference between non-smokers and smokers in percentage of plaque, mean full-mouth PPD, mean full-mouth PAL and percentage of sites with PPD ≥ 5mm at baseline. Both groups showed poor oral hygiene and a high percentage of sites with BOP at baseline, while smokers exhibited significantly less bleeding compared with non-smokers (p = 0.003). period. Throughout the course of the study, both non-smokers and smokers achieved favorable improvements in their plaque control. This was demonstrated by significant reductions of Pl% at 3, 6 and 12 months compared to baseline in both groups. By 12 months, the mean Pl% was reduced to less than 34%.
In addition, in response to non-surgical mechanical periodontal therapy, both groups showed significant reductions in mean full-mouth BOP% compared to baseline.
By 12 months, the mean BOP% was reduced to less than 27%.
During the 12-month study period, full-mouth mean PPD in both groups was found to be significantly reduced when compared to the baseline. Moreover, both groups showed PAL gains compared to baseline. However, there was no significant difference in mean full-mouth PPD reduction and mean full-mouth PAL gain between non-smokers and smokers. Also, the proportion of sites with PPD ≥ 5.0 mm was significantly reduced after the non-surgical periodontal therapy in both smokers and non-smokers. However at 12 months, smokers showed less favorable results in terms of significantly higher percentage residual pockets (PPD ≥ 5.0 mm) than non-smokers (Table 1) .
Change of PPD and PAL at initially diseased sites
For the 594 sites with initial PPD ≥ 5.0 mm, the mean PPD at these initially diseased sites in smokers was 5.85 ± 0.48 mm and in non-smokers was 5.94 ± 0.47 mm. Both smokers and non-smokers showed significant reductions of probing pocket depth at 3, 6 and 12 months when compared to baseline (p<0.001) ( Table   1 ). In smokers, the PPD at initially diseased sites reduced from 5.85 ± 0.48 mm at baseline to 3.00 ± 0.80 mm at 12 months. In non-smokers, the corresponding PPD change was from 5.94 ± 0.47 mm at baseline to 2.49 ± 0.50 mm at 12 months (Table 1) . When comparing the two groups, non-smokers showed significantly greater PPD reduction at 6 and 12 months (p<0.01) (Fig.1) .
The change in PAL at initially diseased sites of the two groups is shown in Fig 2. No significant difference between smokers and non-smokers was detected at any time point.
Multilevel statistical analysis
Change of PPD at all sites
Altogether, 5814 sites distributed on 969 teeth in these 40 subjects were included for the analysis of reduction in PPD at 3, 6 and 12 months.
The overall mean reductions in PPD at 3, 6 and 12 months were 0.85 mm, 0.95 mm and 1.00 mm respectively ( Table 2 ). The Variance Component models showed that significant variations existed at all three levels of the multilevel structure (all 95% confidence intervals did not cover the value of 0). Site-level variation contributed about 80% of the total variation in reduction in PPD at 3, 6 and 12 months.
Ten independent variables were included in the multilevel multiple regression and the random intercept models with significant variables only are shown in Table 3 From the random intercept models for all sites there was no statistically significant difference in PPD reduction between non-smokers and smokers throughout the study period (p<0.05). presence of plaque and BOP at baseline, as well as sites from subjects with higher percentages of sites with BOP showed significantly greater reduction in PPD at 3, 6 and 12 months.
Consistently, sites on incisors and canines, on lingual aspects, sites with
The variances at each level were reduced by the inclusion of the ten variables. The total variances of the models were reduced by 7%, 8% and 9% respectively for reduction in PPD at 3, 6 and 12 months when compared to the corresponding Variance Components models.
Change of PAL at all sites
Again, 5814 sites distributed on 969 teeth in all the 40 subjects were included for the analyses of gain in PAL at 3, 6 and 12 months.
The overall mean gains in PAL at 3, 6 and 12 months were 0.24 mm, 0.30 mm and 0.37 mm respectively ( Table 2 ). The Variance Component models showed that significant variations existed at all three levels of the multilevel structure (all 95% confidence intervals did not cover the value of 0) except for the tooth-level at 12 months. Site-level variation contributed from 80% to 90% of the total variation in gain in PAL at 3, 6 and 12 months.
From the regression models (Table 3) , it was found that there was no significant difference in the gain in PAL at 3, 6 and 12 months between the smokers and non-smokers. Consistently, sites on lingual surfaces showed significantly greater gains in PAL at 3, 6 and 12 months (p <0.001). Moreover, sites on anterior teeth showed slightly greater PAL gain at 6 and 12 months (p <0.001).
The variations at the three levels were reduced by 0-30% with the inclusion of the ten variables. The total variances of the models were reduced only by 2-4% for the gain in PAL at 3, 6 and 12 months when compared to the corresponding 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Change in PPD at initially diseased sites
Altogether, 594 sites with initial PPD ≥ 5mm, distributed on 324 teeth in these 40 subjects were included for the analyses of reduction in PPD of initially diseased sites at 3, 6 and 12-months.
The overall mean reductions in PPD of initially diseased sites at 3, 6 and 12 months were 2.55 mm, 2.77 mm and 3.16 mm respectively (Table 4 ). The Variance Component models showed that significant variations existed at all three levels of the multilevel structure (all 95% confidence intervals did not cover the value of 0) except for subject level at 3-month. Site-level variation contributed about 70% to 80% of the total variation in reduction in PPD at 3, 6 and 12 months. In the analysis for the initially diseased sites, the total variances of the models were reduced by only 9-13% respectively for reduction in PPD at 3, 6 and 12 months when compared to the corresponding Variance Components models. 
Change in PAL at initially diseased sites
Those 594 initially diseased sites on 324 teeth in the 40 patients were included for the analyses of gain in PAL at 3, 6 and 12 months.
From the Variance Component models, the overall mean gains in PAL at 3, 6 and 12 months were 0.80 mm, 0.83 mm and 1.21 mm respectively (Table 4 ). Significant variations existed at tooth and sites levels but not subject level of the multilevel structure (all 95% confidence intervals did not cover the value of 0) at 3, 6 and 12 months. Site-level variation contributed most of the variation in gain in PAL at 3, 6 and 12 months, ranging from 75% to 80%.
After the inclusion of the 10 variables, the total variances of the models were reduced by 2-5% for the gain in PAL at 3, 6 and 12 months when compared to the corresponding Variance Components models.
From the regression models (Table 5) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 A recent study employed a multilevel approach to investigate factors affecting the probability of "pocket closure" for diseased sites 3 months after two separate regimes of non-surgical periodontal therapy (Tomasi et al. 2007 ). However "pocket closure"
is not the only healing response to non-surgical therapy. Therefore, the present study aimed, using multilevel modeling analysis, to investigate the possible factors affecting response of non-surgical periodontal therapy in male Chinese smokers and non-smokers in terms of both PPD reduction and PAL gain.
In the present study, results generated from traditional, routine statistical analysis are also presented. It was found that smokers showed less favorable responses after non-surgical therapy. At 12 months, smokers presented with a significantly higher percentage of residual pockets (Table 1) . Additionally, smokers showed less PPD reduction in sites with initial PPD ≥ 5mm (Fig. 1) . However, there was no statistically significant difference in the gain in PAL in initially diseased sites between smokers and non-smokers (Fig. 2) . This is in agreement of a recent systematic review concerning effect of smoking on non-surgical therapy (Labriola et al. 2005) , although a review of clinical evidence suggests that the majority of studies do show that clinical attachment gain in response to periodontal therapy is impaired in smokers (Heasman et al. 2006 ).
In order to account for the natural hierarchical structure of periodontal disease measurements, the present study adopted multilevel multiple regressions to analyze reductions in PPD and gains in PAL compared to baseline at 3, 6 and 12 months following non-surgical periodontal therapy. The Variance Component models of our study clearly showed that significant variation existed at most of the levels in the hierarchical structure at all time points (Tables 2 and 4 ). This indicates that subject, tooth and site level factors are all responsible for the outcome variations of PPD reduction and change in PAL in response to non-surgical periodontal therapy. In addition, this once more demonstrated that analysis which ignores the natural hierarchical structure of periodontal data might provide some inaccurate results.
However, this is still a common data management approach in contemporary periodontal research.
The advantage of a multilevel approach can be identified in the difference between routine subject level analysis, shown in Table 1 , and the multilevel regression result, shown in Table 5 . Routine univariate statistical analysis showed the difference of PPD reduction in initially diseased sites smokers and non-smokers to be significant only at 6 months (p<0.0017) and marginally insignificant in 12-months (p=0.008). On the other hand, the multilevel regression for initially diseased sites (Table 5) showed that sites from non-smokers achieved a significantly greater PPD reduction throughout the study period.
Tables 2 and 4 demonstrate that the site level factors contributed around 70 to 80% of the total variance in healing outcomes, whereas tooth and subject levels only contributed the remaining 20% to 30%. This implies that most of the variations in outcomes to non-surgical periodontal therapy level result from factors acting at the site level. This is in agreement with a recent study also assessing the relative contribution of multilevel variation for the outcome of subgingival debridement (D'Aiuto et al.
2005
) and with a report on both non-surgical and surgical therapy in single-rooted teeth (Kim et al. 2007 ), both of which found that site level factors had a much greater impact than subject level factors. Indeed, if tooth loss or tooth retention is the true outcome measure of significance after periodontal therapy, it is worth noting that tooth level factors have been shown to be more important than subject level factors in an analysis which factored in tooth and patient level features (Muzzi et al. 2006 ). (Tables 3 and 5 Only 2-5% of variance reductions were obtained for gain in PAL in all sites and in initially diseased sites using the same 10 independent variables (Table 3 &   5) . It is rational to presume that factors affecting PPD reduction in response to non-surgical periodontal therapy are different from those influencing PAL gain.
In the multilevel multiple regression models
Further study involving further independent variables is warranted for investigating the factors affecting gain in PAL after non-surgical periodontal therapy.
By means of multilevel modeling analysis, apart from analyzing which variables significantly affect the results of non-surgical periodontal therapy, an understanding of the effects of these individual factors can be generated. In the regression model, utilizing data from 5814 sites of 969 teeth from 40 subjects for all sites (Table 3) , sites on anterior teeth, sites with presence of plaque and BOP at baseline, sites on lingual aspects and sites from subjects with higher full-mouth mean BOP% consistently showed greater PPD reduction.
From Table 3 , it appears that the effect of percentage of sites with BOP at baseline on PPD reduction is clinically insignificant (0.01mm). However, if a subject's baseline BOP% were to be increased by 1%, the PPD reduction of sites in that subject would have been 0.01mm greater. Hence if a subject presents with 50% higher BOP% at baseline, the PPD reduction of sites in that subject would be all 0.5mm greater. Hence greater reductions in PPD can be expected in those presenting with poorer plaque control, and this may be of clinical importance. In treating patients with chronic periodontitis, it may be important to focus attention on the response of diseased sites with periodontal pockets rather than gingivitis sites or healthy sites with no increases in PPD. In the present study, a separate set of multilevel multiple regressions was performed to investigate the effects of variables on PPD reduction and PAL gain in sites with baseline PPD ≥ 5mm.
Non-smokers showed consistently greater PPD reduction at initially diseased sites throughout the study (Table 5 ). The differences were 0.41 mm, 0.79 mm and 0.68 mm at the 3-, 6-and 12-month recalls. These results are in agreement with a previous study demonstrating that smokers from the same population have generally less favorable PPD reduction post-treatment (Jin et al. 2000) and implies that the effect of smoking is to reduce the PPD reduction in sites with baseline PPD ≥ 5mm by 0.41 mm, 0.79 mm and 0.68 mm at 3, 6 and 12 months post-therapy respectively. However, it is important to note that the smoking status as a subject level variable was considered in dichotomous fashion, i.e. if the patient is a current smoker or a never smoker. Future studies could include a quantitative measurement such as pack-years and also include former smokers in investigating any dose-related or residual effect of cigarette smoking on periodontal healing.
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Conclusion
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